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SPECIFICATION 



Electronic Version 1 .2.8 
Styleslieet Version 1 .0 

ULTRASONIC INSTRUMENT 

INSERTS 

Cross Reference to Related Applications 

Tliis application claims the benefit of provisional application U.S. Serial No. 
60/340,575 filed December 7. 2001. 

Background of Invention 

[0001] This invention relates to ultrasonic instrument inserts, more particularly, to 
magnetostrictive inserts for ultrasonic dental instruments, and especially to such 
inserts that are power-matched to the power range of a power-sensitive tip. 

[0002] Ultrasonic instruments such as dental scalers are well known. The ultrasonic 

scalers include a generator that electrically induces the scaling tip to vibrate at a very 
high rate. An alternating current is passed through an induction coil in a handpiece 
that induces vibration of the magnetostrictive element of an Insert in the handpiece. 
The vibration is transmitted to the tip by a velocity transducer on the end of the 
magnetostrictive element. The vibration may cause the tip to move elliptically, in a 
curved linear fashion, or in a "figure eight"pattern. 



[0003] 



Many current inserts are employed with new special-use tips that are relatively 
thin compared to conventional thicker tips. Unless modulated in some manner, the 
ultrasonic power required to vibrate the thicker tips can overstress the thinner tips, 
creating metal fatigue and causing tip breakage, sometimes within a matter of 
seconds. Other special-use tips may vibrate excessively at the typical ultrasonic power 
levels, making them difficult for the dental practitioner to use. These tips are 
collectively referred to herein as "power-sensitive tips." These power-sensitive tips are 
used in inserts that generally require a minimum or threshold power input before 
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vibration will begin. Above the threshold, the magnitude of the vibration generally 
increases proportionally with the power supplied. At some point, however, the power 
input will become excessive in that a sharp increase from the normally linear stress- 
strain curve for the material of the tip will occur, resulting in accelerated failure of the 
tip. The range of power input from the threshold to the point just before the power 
input becomes excessive is referred to herein as the "power range"of a particular tip. 

[0004] To avoid overpowering power-sensitive tips, their manufacturers may recommend 
to the operators to use only a lower power setting on the ultrasonic generator unit, 
such as half power or less. This has been only partially effective due to operator error, 
for exarhple the operator may not remember to reduce the power setting before use, 
as well as complications due to the variations in the numerous makes and models of 
many manufacturers and the differences in the circuitry of their ultrasonic dental 
generators. 

[0005] The stack material normally used in ultrasonic dental scalers is a form of nickel in 
the shape of strips or leaves. The nickel can be very pure such as Nickel 33 or Nickel 
.200, or have other metals or materials alloyed with it to enhance its ultrasonic 
performance, such as, for example, PERMANICKEL alloy. The surfaces of the nickel 
strips are typically oxidized to establish a coating, which enhances the ultrasonic 
efficiency of the strips. The coating also serves to avoid significant variatlbhs in 
efficiency over the useful life of the stack since the surfaces would oxidize at the 
aqueous conditions of use and autoclave sterilization. The stacks made from these 
optimum materials are usually highly efficient, typically capable of converting 50% or 
more of the electrical power input to mechanical oscillatory power at the peak 
resonant frequency. 

Summary of Invention 

[0006] 

This invention allows the manufacturer to custom design or adjust the power 
range of the tip/stack assembly (insert) to match the power range of the power output 
range of the ultrasonic generator. This allows the full range control of the generator 
to be used regardless of the tip thickness and/or shape. The present invention 
enables the manufacturer of magnetostrictive ultrasonic dental inserts to design the 
stack system, usually nickel vibrating elements, to be efficiency modulated to match 
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the operating characteristics of power-sensitive tips. As used herein, "nickel" refers to 
nickel and magnetostrictive nickel alloys, optionally with oxidized surfaces, unless the 
context indicates otherwise. Thus, operators can use the full range of power of their 
ultrasonic dental generator as they are accustomed to using with the generally power 
insensitive thicker tips, without overstressing the thinner tip and causing premature 
metal fatigue tip breakage, or otherwise overpowering a power-sensitive tip. Each 
type or style of tip and frequency used, commonly 25 KHz, 30 KHz or another 
frequency, can be manufactured with the appropriate efficiency-modulated stack to 
enable the operator to achieve the full operating life of the insert without inadvertent 
metal fatigue tip breakage. 

[0007] The present invention also provides a moldable nickel particulate-filled stack, e.g. 
by injection molding, which can be made faster, easier and inexpensively, and which 
can be disposable, thereby avoiding the need for autoclave sterilization. 

[0008] In one embodiment, the present invention provides an ultrasonic dental insert 
useful in a handpiece having an induction coil disposed about a well and operable 
with an adjustable power supply having a maximum power output setting. The insert 
includes an efficiency-modulated magnetostrictive element adapted to be received in 
the well. A velocity transducer has proximal and distal ends, wherein the proximal end 
is attached to a distal end of the magnetostrictive element. A power-sensitive tip has 
a proximal end secured to the distal end of the velocity transducer. The efficiency of 
the magnetostrictive element is matched with a power range of the tip to prevent 
overpowering the tip at the maximum power output setting. 

[0009] The efficiency-modulated magnetostrictive element can have an efficiency rating 
less than 50 percent, i.e. less than 50 percent of the electrical power input at the peak 
resonant frequency is converted to mechanical oscillatory power. The magnetostrictive 
element can include nickel. 

[0010] |p embodiment, the magnetostrictive element can include a plurality of 
coextensive longitudinally oriented nickel or nickel alloy wires. The wires can be 
welded at a distal end thereof inside a ring secured to the proximal end of the velocity 
transducer. The wires can have a uniform cross section, or a non-uniform cross 
section. The magnetostrictive element can include one or more magnetostrictive- 
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dampening wires. The magnetostrictive element can also include one or more non- 
magnetostrlctive wires, including wires made of a material that diminishes the eddy 
currents of the magnetostrictive element. The wires can be stiffened by axially spaced 
containment rings, and can also include a proximal end cap receiving a proximal end 
of the wires. In an alternate or additional embodiment, the ultrasonic dental insert can 
further Include a containment wire wound around the longitudinal wires. 

[001 1] In one embodiment, the magnetostrictive element Includes a void space or spaces 
as an efficiency modulation device. In other embodiments, the magnetostrictive 
element comprises a solid nickel rod, a plurality of nested coaxial tubes, or a volume 
of non-magnetostrictive material as an efficiency modulation device. 

[0012] One embodiment of the ultrasonic dental Insert provides a magnetostrictive 
element comprising a magnetostrictive particulate-filled polymeric monolith, e.g. 
epoxy resin, ABS resin, or the like. The polymeric monolith can be interlockingly 
molded to the velocity transducer or to a headpiece that is releasably attachable to the 
velocity transducer, for example, by screw threads. The polymeric monolith can be 
engineered to deform at autoclave sterilization conditions, for example, wherein the 
polymeric monolith comprises acrylonitrile-butadiene-styrene copolymer. 



In another embodiment, the present invention provides an ultrasonic dental insert 
useful in a handpiece having an induction coil disposed about a well and operable 
with a power supply. The insert includes a magnetostrictive element adapted to be 
received in the well. A velocity transducer has proximal and distal ends, wherein the 
proximal end is attached to a distal end of the magnetostrictive element. A tip has a 
proximal end secured to the distal end of the velocity transducer. The 
magnetostrictive element comprises a magnetostrictive particulate-filled polymeric 
monolith, e.g. epoxy resin, ABS resin, or the like. The polymeric monolith is 
interlockingly molded to the velocity transducer or to a headpiece that is releasably 
attachable to the velocity transducer, for example, by screw threads. The polymeric 
monolith can be engineered to deform at autoclave sterilization conditions, for 
example, wherein the polymeric monolith comprises acrylonitrile-butadiene-styrene 
copolymer. The insert can be packaged for distribution in a sterilizable package and 
sterilized, for example by gamma ray irradiation or gas permeation, e.g. ethylene 
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oxide. 



[0014] 



In another embodiment, the present invention provides a method of adjusting the 



power delivered to an ultrasonic dental insert in a handpiece having an induction coil 
disposed about a well and operable with an adjustable power supply having a 
maximum power output setting, wherein the insert comprises a power-sensitive tip. 
The method includes matching the tip with an efficiency-modulated magnetostrictive 
element to avoid overpowering the tip at the maximum power output setting, coupling 
the tip to a velocity transducer operatively associated with the magnetostrictive 
element to form an Insert assembly, inserting the assembly in the.well, supplying 
power to the induction coil, and adjusting the power output up to the maximum 
power output setting. 

[001 5] The magnetostrictive element can be preassembled with the velocity transducer 
and tip and the preassembled insert can be packaged in a sterilizable package for 
sterilization and distribution to dental practitioners. The insert can be engineered for 
a single-use, preferably including the step of automatically deforming the 
magnetostrictive element upon heating to autoclave conditions, e.g. where the 
magnetostrictive element comprises a heat-sensitive polymer such as ABS. Preferably, 
the method includes coupling the magnetostrictive element to the velocity transducer 
by molding the magnetostrictive element from a mixture of a polymeric precursor and 
magnetostrictive particles onto the velocity transducer or onto a headpiece attachable 
to the velocity transducer. 



Brief Description of Drawings 



[0016] 



Fig. 1 is a side sectional view of an ultrasonic dental scaler according to one 



embodiment of the invention. 



[0017] 



Fig. 2 is a cross-sectional view of a magnetostrictive element from the dental 
scaler of Fig. 1 comprising a plurality of longitudinal wires. 



[0018] 



Fig. 3 is an exploded view of the ultrasonic insert of Fig. 1 according to one 



embodiment of the invention. 



[0019] 



Fig. 4 is a cross-sectional view of another embodiment of the invention wherein 
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the longitudinal wires are housed in an exterior nickel tube. 

[0020] Fig. 5 is a side view, partly in section, of another embodiment of the invention 
including spaced containment rings and an end cap. 

[0021] Fig. 6 is a perspective view of another embodiment of the Invention wherein the 
longitudinal nickel wires are stiffened with a helical wire winding. 

[0022] Fig. 7 is a side view of another embodiment of the invention wherein the stack 
includes a shaped nickel leaf to create a void in the magnetostrictive stack. 

[0023] Fig. 8 is a cross-sectional view of the stack of Fig. 7 as seen along the lines 8-8. 

[0024] Fig. 9 is an end view of another embodiment of the invention wherein the stack 
comprises a plurality of nested tubes. 

[0025] Fig. 10 is a side sectional view of a nickel particulate-filled polymieric monolith - 
interlockingly molded to a velocity transducer. 

[0026] Fig. 11 is a side sectional view of a nickel particulate-filled monolith polymeric 
interlockingly molded to a headpiece for threadably coupling to the velocity 
transducer. 

Detailed Description 

[0027] With reference to the figures wherein like reference numerals are used to refer to ^ 
like parts, Fig. 1 shows the handpiece 1 0 receiving the insert 1 2 in a well known 
manner, e.g. by a friction fitting, which can generally be considered conventional in 
the art. The insert 12 includes a magnetostrictive element 14, velocity transducer 16 
and power-sensitive tip 1 8. Briefly, the handpiece 1 0 has a well for receiving the 
insert 12 about which an inductive coil 20 is disposed for imposing an alternating 
magnetic field that oscillates the magnetostrictive element 14 at an ultrasonic 
frequency. The ultrasonic vibrations are transmitted from the magnetostrictive 
element 14 through the velocity transducer 1 6 and the tip 1 8, as is well known in the 
art. Electrical current from a power supply and control unit (not shown) is 
conventionally supplied to a proximal end of the handpiece 1 0 via the cable assembly 
22. 
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[0028] 



Water is also supplied via the cable assembly 22 and cools the magnetostrictive 



element 14 as it passes through the well, In a manner well known in the art. The water 
then flows to the tip 1 8 where it serves to irrigate the working surface, for example, 
through a central channel (not shovyn) formed within the velocity transducer 1 6 or an 
outer groove or slot (not shown) that directs the water onto a base of the tip 1 8. 



circuitry for producing a resonance signal received at the handpiece/insert via the 
cable. The control unit will also include a potentiometer or other means for adjusting 
the power sent to the handpiece, up or down, within minimum and maximum power 
output settings, for example, as a manual knob or dial on the control unit, a 
footswitch operably connected to the control unit, and/or a digital input device. 

[0030] The magnetostrictive element 1 4 is efficiency modulated so that the conversion of 
electrical to mechanical energy is less efficient than in conventional handpieces. 
Preferably, the efficiency rating of the magnetostrictive element 14 is from 5 to 45 
percent, more preferably from 1 5 to 35 percent, i.e. 5 to 45 or 1 5 to 35 percent of the 
electrical power output from the control unit is converted to mechanical vibratory 
energy at a peak power transfer point, typically 25 KHz or 30 KHz. The power range of 
the particular tip 18 is matched with the efficiency modulation of the magnetostrictive 
element 14 so that the tip 1 8 is not overpowered at the maximum power output 
setting of the control unit. This allows the operator to use the full range of power 
output adjustment without overstressing or otherwise overpowering the tip 1 8. The 
tip 1 8 can used for the full operating life of the insert without inadvertent metal 
fatigue tip breakage, and the power output can be adjusted by the operator to the 
desired setting with a greater degree of control. 



The efficiency modulation of the magnetostrictive element 14 can be effected in a 
number of different ways. For example, the magnetostrictive element 14 can be 
conventional leaves made from a material such as nickel with less than optimum 
ultrasonic characteristics so that the standard stack configuration has less power 
transmittance. This lowers the power to the tip 1 8 without deviating from the 
operator"s accepted concept of what a stack should look like, and without increasing 
the risk of damaging the stack by using fewer leaves that would result in a lowered 



[0029] 



The power supply and control unit generally include resonance signal generation 



[0031] 
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mechanical integrity and dimensional stability. 



[0032] 



Another means for lowering the power can be achieved by changing the size 



and/or shape of the nickel. One example of this is seen in Figs. 2-3 where 
longitudinally aligned nickel wires 23 are used in place of the conventional leaves. The 
stiffness of the stack is maintained, but less nickel is employed due to the void spaces 
between the wires. The relative proportion of the void spaces can be adjusted by 
varying the profile of the wires, i.e. the cross sectional shape, or by using wires of 
mixed outside diameters In the stack, for example 20 or 30 gauge wires randomly 
disposed about 1 6 or 1 4 gauge wires. The wires 23 can be secured by welding to the 
distal ring 24 using a silver solder that fluxes into the spaces between the wires 
adjacent the distal end thereof. The ring 24 is then welded to a proximal shoulder 26 
of the velocity transducer 1 6 as shown in Fig. 3, or threadably connected as in Fig. 1. 

[0033] In Fig. 4 an external nickel tube 28 is employed to house the nickel wires 23 and 
impart stiffness to the stack. If desired, the tube can be another material such as 
aluminum, and/or surface anodized in various colors to differentiate and color code 
stacks with different characteristics. In Fig. 5, a plurality of longitudinally spaced 
containment rings 30 and end cap 32 are used to hold the wires 23 together and 
stiffen the stack. The rings 30 and end cap 32 can be a metal such as nickel that is 
silver brazed onto the stack. The rings 30 and end cap 32 can also be polymeric and 
secured by friction, adhesive, ultrasonic welding, heat-shrinking, or the like. In Fig. 6, 
the wires 23 are wrapped by a helically wound wire 34 to maintain the shape of the 
stack. The wire 34 can be nickel secured to the stack by brazing, tying or the like. 

[0034] Figs. 7-8 illustrate an embodiment wherein a plurality of nickel conventional strips 
36 in a stack is replaced with curvilinearly profiled strip 38 to reduce the amount of 
nickel or other magnetostrictive material present in the stack. The strip 1 8 has a cross 
section with a central semicylindrical region 40 and lateral ribs 42 on either side 
thereof. The profile of strip 38 also adds stiffness and rigidity to the stack. 

[0035] Fig. 9 shows another embodiment wherein concentric tubes 44 of various 
diameters are used to form the stack. 



[0036] 



Another efficiency modulation embodiment according to the present invention is 
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the use of a magnetostrictively inert material and/or a material in the stack bundle 
that would cause the RF field of the handpiece coil 20 to be shunted. For example, 
replacing one or more of the nickel wires or leaves with stainless steel wire 60 (see 
Fig. 2) or strips would lower the power available to the magnetostrictive components 
and lower the power to the tip. 

[0037] Fig. 1 0 illustrates an embodiment wherein the magnetostrictive element 46 is 
made from a filled resin such as epoxy or ABS. The fill comprises nickel or another 
magnetostrictive material in particulated form that is maintained in its shape by a 
thermosetting or thermoplastic polymeric matrix. In Fig. 10 the magnetostrictive 
element 46 is molded directly to the proximal end of the velocity transducer 48 placed 
at one end of the mold (not shown). The velocity transducer 48 includes a neck 50 and 
an enlarged inner portion 52 that is filled with a mixture of nickel particles dispersed 
in a conventional polymer precursor during molding. When the polymer matrix is set 
in place, the formed stack 46 is thus secured to the velocity transducer 48. 
Alternatively or additionally, the velocity transducer can include a male coupling 
member (not shown) extending into the stack 46 as an anchor for coupling the 
velocity transducer and the magnetostrictive element together. 

[0038] Fig. 1 1 shows a variation to the Fig. 1 0 embodiment wherein the stack 46 is 

molded onto a headpiece 54 having a threaded distal end for releasable attachment to 
a correspondingly threaded velocity transducer (not shown). 

[0039] The embodiments of Figs. 10-11 facilitate rapid and inexpensive stack fabrication. 
Further, they also allow the stack to be color coded by coloring the polymer matrix, or 
by printing or embossing printed information on an exterior surface. The 
manufacturer can thus use different colors or other visual indicia to code the stack for 
identifying different levels of efficiency modulation or other differentiating 
characteristics or specifications. 

[0040] If desired, the assembled insert 12 from the embodiments of Figs. 1 0-1 1 can be 
packaged for a single use application. The insert 12 can be packaged in a sterilizable 
packaging for gas or irradiation sterilization. Where the product is gas sterilized, it is 
packaged in a gas permeable package that facilitates sterilization with ethylene oxide. 
Where gamma ray irradiation is used, the package containing the assembly should be 
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transparent to gamma radiation. 



[0041] This scheme can use different aspects of each of the various embodiments to 

tailor the stack characteristics to the type and performance of the tip. Of course, the 
handpiece (other than the insert) is not modified in the preferred embodiments of this 
invention, and the dental practitioner can thus continue to use the control unit and 
handpiece universally and interchangeably with conventional tips and inserts 
otherwise designed for the unit, as well as with the inserts of the present invention, 
without making any special adjustments to the unit and still allowing use of the full 
range of power output settings from the minimum to the maximum. 

[0042] While the invention has been described with respect to a limited number of 

embodiments, those skilled in the art will appreciate numerous modifications and 
variations therefrom. It is Intended that the appended claims cover all such 
modifications and variations as fall within the true spirit and scope of the Invention. 
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